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TECHNICAL FIELD 



The present invention relates to vacuxam 



processing apparatuses and, more particularly, to a vacuum 
processing apparatus, which applies a film deposition 
process or the like to an object to be processed such as a 
10 semiconductor wafer under a vacuiam. 

BACKGROUND ART 



apparatuses for processing a semiconductor wafer 

15 {hereinafter referred to as "wafer" ) . Conventionally, a 
parallel plate type CVD apparatus is known as such kind of 
apparatus. In the parallel plate type CVD apparatus, a 
wafer placement stage constituting a lower electrode is 
positioned in the center of a vacuum chamber, and a gas 

20 supply part constituting an upper electrode is provided so 
as to face the placement stage. Plasma is generated by 
applying a voltage between the upper electrode and the 
lower electrode and the generated plasma is irradiated to 
the wafer so as to form a predetermined thin film on the 

25 wafer. The in- surface uniformity of the thin film formed 
on the wafer is greatly affected by an isotropy of the 
exhaust from the vacuum chamber. Accordingly, the esdaaust 
port is provided directly under the placement stage so as 
to achieve the isotropy of the exhaust. 

30 On the other hand, there is a technical demand 

for the plasma CVD apparatus to improve a gap fill 
characteristic. In order to improve the gap fill 
characteristic, a large flow and high-vacuum process is 



There are plasma CVD (chemical vapor deposition) 
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needed, which cannot be achieved by a conventional 
apparatus- The reason for this is explained with 
reference to FIG. 1. 

The plasma CVD apparatus shown in FIG, 1 
5 comprises: a cylindrical vacuum chamber 11, a generally 
circular placement stage 12 that constitutes a lower 
electrode; a support part 14 for the placement stage 12; a 
gas supply part 13 that constitutes an upper electrode; an 
exhaust port 15; and a turbo -molecular pump 16. The 

10 semiconductor wafer W as an object to be processed is 
placed on the placement stage 12. 

In recent years, a diameter of the placement 
stage 12 increases as a diameter of the semiconductor 
wafer increases. Accordingly, the placement stage 12 

15 having a diameter equal to or larger than the diameter of 
the exhaust port 15 exists directly above the exhaust port 
15. That is, when viewed from above the gas supply part 
13, the ejchaust port 15 is in a state in which the entire 
exhaust port 15 is covered by the placement stage 12. In 

20 such a structure, particles such as molecules of a gas 
moving within the vacuum chamber 11 cannot reach the 
exhaust port 15 by moving along a straight line. Thus, 
there is a problem in that exhaust efficiency is lowered. 

25 DISCLOSURE OF INVENTION 

It is a general object of the present invention 
to provide an improved and useful vacuum processing 
apparatus in which the above-mentioned problem is 
eliminated. 

30 A more specific object of the present invention 

is to provide a vacuum processing apparatus which can 
achieve high exhaust efficiency and a high ultimate vacuum 
even for an object to be processed having a large diameter. 
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In order to achieve the above-mentioned objects, 
there is provided according to one aspect of the present 
invention a vacuum processing apparatus for applying a 
predetermined process to an object to be processed which 
5 is placed on a substantially circular placement stage 

provided in a vacuum chamber by supplying a process gas to 
the vacuum chamber, characterized in that: the vacuum 
chamber has a substantially circular exhaust port under 
the placement stage, the exhaust port having a diameter 

10 equal to or smaller than a diameter of the placement 
stage; and a center axis of the exhaust port (9) is 
displaced from a center axis of the placement stage. 

According to the present invention, since a part 
of the exhaust port protrudes from the placement stage 

15 when viewed from above the placement stage, a high-exhaust 
rate is achieved, and the ultimate vacuum is increased. 

The vacuum processing apparatus according to the 
present invention may be provided with a support part so 
as to support the placement stage by extending from a side 

20 wall of the vacu-um chamber toward the center of the vacuxmn 
chamber; and a direction of displacement of the center 
axis of the exhaust port with respect to the center axis 
of said placement stage is a direction opposite to an 
extending direction of the support part. 

25 Since an area underneath the support part of the 

placement stage is covered by the support part, there is 
less effect of improvement in the exhaust efficiency if 
the exhaust port protrudes in such area. Accordingly, the 
exhaust efficiency can be improved at a maxim\jm by having 

30 the exhaust port to protrude in a direction opposite to 
the extending direction of the support part of the 
placement table. 

In the above-mentioned invention, the support 
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part may have a hollow stinicture, and a utility supply 
line may be provided therein. Additionally, the utility 
supply line may include at least one of a gas supply line, 
a cooling medium supply line and a power supply line. 
5 Further, the support part may be detachably attached to 
the vacuTjm chamber. 

Additionally, in the above-mentioned invention, 
a baffle plate may be provided so as to surround the 
placement stage. The baffle plate preferably has many 

10 apertures, and an open area ratio on a side to which the 

exhaust port is displaced may be smaller than an open area 
ratio on the opposite side. 

Additionally, in the above-mentioned invention, 
a displacement of the center axis of the exhaust port with 

15 respect to the center axis of the placement stage is 
preferably equal to or smaller than one eleventh of a 
diameter of the exhaust port. The exhaust port is 
preferably connected to a vacutim ptamp having a capacity to 
maintain the vacuum chamber at a pressure less than 10 Pa. 

20 The vacuum pump may be a turbo -molecular piamp. 

Additionally, in the above-mentioned invention, 
it is preferable that a gas supply part constituting a 
substantially circular showerhead is provided in the 
vacuum chamber, and a center axis of the showerhead is 

25 coincident with the center axis of the placement stage. 

The placement stage and the gas supply part may 
be configured to apply a film deposition process to the 
object to be processed. Additionally, an upper electrode 
and a lower electrode may be provided so as to face to 

30 each other, wherein plasma of a process gas is generated 
between the upper electrode and the lower electrode so as 
to apply a film deposition process to the object to be 
processed by the generated plasma. 
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There is provided according to another aspect of 
the present invention a vacuum processing method for 
applying a predetermined process to an object to be 
processed in a vacuum chamber, the vacuum processing 
5 method comprising: placing the object to be processed at a 
position above an exhaust port of the vacuxam chamber, a 
center of the object being horizontally displaced from a 
center of the exhaust port by a predetermined distance; 
and supplying a process gas to the object to be processed 

10 from a side opposite to the exhaust port with respect to 
the object to be processed and exhausting the process gas 
through the exhaust port so as to apply the predetermined 
process. The predetermined process may be a film 
deposition process. 

15 Other objects, features and advantages of the 

present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration showing a structure of 
a conventional vacuum processing apparatus. 

FIG. 2 is a cross -sectional view of a plasma CVD 
apparatus according to an embodiment of the present 
25 invention. 

FIG. 3 is a perspective view of a vacuum 
chamber, a placement stage and a support part. 

FIG. 4 is a plan view of an exhaust port and the 
placement stage. 
30 FIG. 5 is a plan view of a baffle plate used in 

the plasma CVD apparatus shown in FIG, 2. 

FIG. 6 is a graph showing a relationship between 
a displacement of a center axis of the exhaust port with 
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respect to a center axis of the placement stage. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A description will now be given below, with 
5 reference to FIG. 2, of a vacuum processing apparatus 

according to an embodiment of the present invention. The 
vacuxim processing apparatus according to the embodiment of 
the present invention shown in FIG. 2 is a plasma CVD 
apparatus, which applies a CVD process to a wafer as an 
10 object to be processed. The plasma CVD apparatus 

comprises a cylindrical vacuum chamber 2, which is made of 
aliaminiam. The vacuum chamber 2 is provided with a gate 
valve 21 so as to open and close a transportation port of 
a wafer W. A generally circular placement stage 3 is 
15 provided in an upper portion of the vacuum chamber 2 so as 
to place the wafer W, which is an object to be processed. 
The placement stage 3 is comprised of a generally circular 
placement part 4 and a generally circular base part 
(placement part support stage I) 5 having a diameter 
20 slightly larger than the diameter of the placement part 4. 
A chuck electrode 41 constituting an 
electrostatic chuck is embedded in the vicinity of a 
surface of the placement part 4. Additionally, a heater 
42 is embedded under the chuck electrode 41, which heater 
25 constitutes a temperature control unit for adjusting a 

temperature of the wafer W. The chuck electrode 41 also 
serves as a lower electrode for applying a high-frequency 
electric power. A cooling medium passage 51 is formed in 
the base part 5 so as to cool the base part 5 at a 
30 predetermined temperature by a cooling medium flowing 

through the cooling medixjm passage 51. Additionally, a 
helitom gas supply passage 52 (Indicated by a single line 
in the figure) is provided in the base part 5. Helium gas 
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is supplied to a small gap between the placement part 4 
and the base part 5 through the helium gas supply passage 
52 so as to control transfer of heat from the base part 5 
to the placement part 4 by controlling the pressure of the 
5 helium gas. Thereby, the temperature of the wafer W is 
adjusted in cooperation with a control by the heater 42. 

A description will now be given of a support 
structure of the placement stage 3 (the placement part 4 
and the base part 5) in the vacuum chamber 2. The 

10 placement stage 3 is supported, as shown in FIG. 2, on a 

hollow cylindrical part 61 having a diameter approximately 
equal to the diameter of the base part 5 . A hollow 
rectangular column part 62 is joined to a side of the 
cylindrical part 6 1 , and an inner space of the cylindrical 

15 part 61 and an inner space of the rectangular column part 
62 are communicated with each other. The rectangular 
columm part 62 extends outside by passing through a side 
wall 63 of the vacuum chamber 2, and opens to the outside 
space of the vacuum chamber 2. That is, the inner space 

20 of the rectangular column part 62 communicates with the 

outside space of the vacuum chamber 2. The opening of the 
rectangular column part 62 may be closed by a lid member 
(not shown in the figure) . The side wall 63 is joined to 
the rectangular coluirai part 62, and the side wall 63 

25 together with the rectangular column part 62 can be 

separated and removed from other side walls 22 of the 
vacuum chamber 2. In the structure shown in FIG. 2, a 
support part 6, which has a hollow structure and supports 
the placement stage 3, is constituted by the cylindrical 

30 part 61 and the rectangular column part 62. 

The base part 5 is provided with a hole 5a in 
the center thereof, and a connecting part 64 is provided 
in the cylindrical part 61 so as to close the hole 5a. A 
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cooling medium passage 64a, which is connected to the 
cooling medium passage 51, is formed in the connecting 
part 64. Cooling water is supplied to the cooling medium 
passages 64a and 51 from a passage member 65 extending in 
5 the inner space of the support part 6, which passage 
member 65 is connected to an external cooling medium 
supply source (not shown in the figure) such as, for 
example, a cooling water supply source. 

An end of a power supply line 43 is connected to 

10 the chuck electrode 41. The power supply line 43 extends 
through the connecting part 64, and enters an external 
matching box Ml via a hollow part of the rectangular 
column part 62 and connected to a high-frequency power 
source El . The power supply line 43 is also connected to 

15 a direct current power source (not shown in the figure) 
for the electrostatic chuck. An insulating pipe 66 is 
provided between the connecting part 64 and the matching 
box Ml, and the power supply line 43 extends through the 
insulating pipe 66. ^ Additionally, an end of a power 

20 supply line 44 is connected to the heater 42. and the 

power supply source 44 extends through the connecting part 
64 and enters the matching box Ml by passing through the 
insulating pipe 66. Further, the helium gas supply 
passage 52 also extends through the inner space of the 

25 support part 6 and is connected to an external gas supply 
source (not shown in the figure) . In the example shown in 
FIG. 2, the gas supply passage 52, the passage member 65 
and power supply lines 43 and 44 correspond to a utility 
supply line. 

30 The placement stage 3 is provided with three 

lift pins 7, which are arranged along a circumference and 
penetrate the placement stage 3, so as to push up the 
wafer W. The lift pins 7 are vertically movable by a 



8 



vertically moving mechanism 71 provided outside the 
support part 6 via a vertically moving member 72 provided 
in the support part 6 . It should be noted that each of 
through holes in which the lift pins 7 are provided is 
5 sealed by a bellows 73. Additionally, a signal line of a 
sensor (not shown in the figure) for detecting a 
temperature of a back surface of the wafer W or the base 
part 5 is provided in the inner space of the support part 
6. The signal line and a power supply line of the sensor 

10 also correspond the utility supply line. 

A gas supply part 8 constituting a showerhead is 
provided to a ceiling of the vacuum chamber 2 so as to 
face the placement stage 3. A matching box 82 is mounted 
on the gas supply part 8 via a cooling part 81 in which a 

15 cooling medium passage 81a is formed. The gas supply part 
8 is configured to eject a process gas, which is supplied 
through a gas supply pipe 83, toward the wafer W through 
many apertures 84. Additionally, the gas supply part 8 
also serves as an upper electrode, and is connected to a 

20 high-frequency power source E2 in the matching box 82 and 
is insulated from the vacuum chamber 2 . 

A baffle plate 20 is provided between the outer 
surface of the placement stage 3 and the inner wall of the 
vacuum chamber 2 . The baffle plate 20 has many apertures 

25 so that the open area ratio thereof is approximately 25%. 
An exhaust port 9 is formed on the bottom of the vacuum 
chamber 2, which exhaust port has a diameter approximately 
ec[ual to or smaller than a diameter of the placement stage 
3. The diameter of the placement stage 3 is a maximiim 

30 diameter in the placement stage. That is, in the example 
shown in FIG. 2, the diameter of the placement stage 3 
corresponds to the diameter of the base part 5, which is 
288 mm, and the diameter of the exhaust port 9 is 270 mm. 



9 



A turbo -molecular pump 91 as a vacuum pump is connected to 
the exhaust port 9. 

The center axis CI of the exhaust port 9 is 
displaced from the center axis C2 of the placement stage 3 . 
5 The direction of displacement is a direction opposite to 
the support part 6, that is, a reverse direction of a 
direction in which the support part 6 extends toward the 
side surface of the vacuum chamber 2. Additionally, the 
displacement D, which is a distance between the center 

10 axis CI of the exhaust port 9 and the center axis C2 of 
the placement stage 3, is set to 15 mm. The method for 
setting the displacement D will be described later. 

A description will now be given of an operation 
of the above-mentioned plasma CVD apparatus. First, the 

15 vacuum chamber 2 is evacuated until a predetermined vacuum 
is created. Thereafter, a wafer W is carried in the 
vacuTom chamber 2 through the gate valve 21 by a transport 
arm (not shown in the figirre), and the wafer W is placed 
on the placement stage 3. The placement of the wafer W on 

20 the placement stage 3 is performed by vertically moving 

the lift pins 7. Then, the vacuum chamber 2 is maintained 
at a predetermined vacuum, for example, 0.266 Pa to 0.399 
Pa (2 mTorr to 3 mTorr) while supplying monosilane (SiH4) 
gas, which is a process gas, and oxygen (O2) gas from the 

25 gas supply part 42 to the vacuum chamber 2 at 

predetermined flow rates, respectively. Then, high- 
frequency power of 2 MHz, 1 kW and 16 MHz, 3 kW is applied 
to the lower electrode (placement stage) 3 and the upper 
electrode (gas supply part) 8 by the high-frequency power 

30 sources El and E2, respectively. Thereby, a high- 
frequency electric field is generated between the lower 
electrode 3 and the upper electrode 8 so as to generated 
plasma of the process gas by the energy of the high 
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frequency wave. Then, a silicon oxidation film is formed 
on the wafer W by irradiating the generated plasma onto 
the wafer W. 

According to the above-mentioned embodiment, the 
5 center axis CI of the exhaust port 9 is displaced from the 
center axis C2 of the placement stage 3 in a direction 
opposite to the support part 6, and, thereby, when viewed 
from above the exhaust port 9 (that is, when viewed from a 
side of the gas supply part 8 constituting the showerhead) , 

10 there is a part in which the placement stage 3 and the 
support part 6 do not overlap the exhaust port 9 . 
Accordingly, as indicated by a hatched semilunar part in 
FIG. 4, the part of the exhaust port 9 protrudes from a 
projected area of the placement stage 3 and the support 

15 part 6. Thus, particles such as gas molecules moving in 
the vacuum chamber 2 can reach the exhaust port 9 by 
moving along a straight line. Thereby, the probability of 
particles entering the exhaust port 9 is increased, which 
achieves high exhaust efficiency. Thereby, when the 

20 diameter of the wafer W is increased, the vacuum chamber 2 
can be evacuated with high exhaust efficiency by using a 
small pump as the turbo -molecular piamp 91 such as, for 
example, a turbo -molecular pump having an exhaust rate of 
1800 liters/ second. Additionally, the ultimate vacuum is 

25 increased, and a film deposition process with a good gap 
fill characteristic can be performed. 

Further, since the support part 6 can be removed 
together with the placement stage 3 from the vacutam 
chamber 2, a maintenance operation with respect to the 

30 placement stage 3 is facilitated. Additionally, since the 
support part 6 has a hollow structure, a maintenance 
operation related to the utility can be performed without 
removing the support part 6 from the vacuum chamber 2 . 
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Thus , the vacuiim processing apparatus according to the 
present embodiment can provide an easy maintenance 
operation . 

Additionally, since the vacuum processing 
5 apparatus according to the present embodiment is provided 
with the baffle plate 20, evacuation of gas can be 
performed with high isotropy. That is, the baffle plate 
20 has a function to compensate for a deflection of 
exhaust caused by the displacement of the exhaust port 9 

10 with respect to the placement stage 3. Although the open 
area ratio of the baffle plate 20 in this embodiment is 
approximately 25% as the entire baffle plate, the open 
area ratio of an area above a part of the exhaust port 9 
protruding from the placement stage 3 is locally smaller 

15 than the open area ratio of other parts of the baffle 

plate 20. Thereby, the deflection of exhaust caused by 
the displacement of the exhaust port 9 with respect to the 
placement table 3 is compensated for. 

FIG. 5 is a plan view of the baffle plate 20 

20 used in the present embodiment. As shown in FIG. 5, many 
slits 20a are formed in the baffle plate 20 by being 
arranged in a circumferential direction, and a pitch P of 
the slits 20a is larger on the side of the exhaust port 9 
protrxiding from the placement stage 3 and is smaller on 

25 the opposite side. Additionally, the width A of each of 
the slits 20a is smaller on the protruding side, and is 
larger on the opposite side. Thereby, the open area ratio 
of the baffle plate is locally changed. The configuration 
of changing the open area ratio is not limited to the 

30 above-mentioned structure, and, for example, a length of 
each of the slits 20a may be changed. It should be noted 
that there is no need to always provide the baffle plate 
20 if the deflection of exhaust is in a negligible degree. 
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In the structure of the present embodiment, the 
displacement of the exhaust port 9 with respect to the 
placement stage 3 has a reverse action that the exhaust 
rate is reduced. That is, when the exhaust port 9 is 
5 displaced from the placement stage 3, there is an area 
that is located deep inside the projected area of the 
placement stage 3, If the displacement D is large, a 
degree of decrease in the exhaust efficiency due to the 
area inside the projected area of the placement stage 3 

10 may become greater than a degree of increase in the 

exhaust efficiency due to the area protruding from the 
projected area of the placement stage 3. The exhaust rate 
in such as case becomes smaller than that when the exhaust 
port 9 is not displaced. Accordingly, the displacement D 

15 must be determined in consideration with this point. 

Additionally, if a large displacement is 
provided to the exhaust port 9 and the isotropy of exhaust 
is maintained by the baffle plate 20, the conductance 
(resistivity) provided by the baffle plate 20 is increased, 

20 which causes a decrease in the exhaust efficiency (exhaust 
rate) as a whole. 

FIG. 6 is a graph showing a result of 
investigation of a relationship between an effective 
exhaust rate and the displacement D of the center axis CI 

25 of the exhaust port 9 with respect to the center axis C2 
of the placement stage 3. When the displacement D was 
increased, the exhaust rate was also increased and 
maximized at about 15 mm. When the displacement D 
exceeded approximately 15 mm, the exhaust rate was 

30 decreased and became smaller than that when the exhaust 
port 9 was not displaced when the displacement was at 
approximately 25 mm. That is, the effective exhaust rate 
was at a maximum when the displacement D was approximately 
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15 mm, and the exhaust rate was increased when the 
displacement D Is less smaller than approximately 25 mm. 
The diameter of the export port 9 was 270 mm, and it was 
found that the displacement D is preferably less than one 
5 eleventh of the diameter of the exhaust port 9 . The 

present invention is based on the above-mentioned findings, 
and the vacuum processing apparatus according to the 
present invention can achieve high efficiency exhaust 
since the displacement D is set to 15 mm. 

10 Additionally, the present invention is 

especially effective in a case in which a gas flow in the 
vacuum chamber 2 is in the middle between a viscous flow 
and a molecular flow or in the range of the molecular flow. 
Accordingly, for example, the present invention is 

15 suitable for a case in which a process is performed under 
a pressure lower than 10 Pa. 

In the above-mentioned embodiment, the vacuum 
pump is not limited to the turbo -molecular pump. 
Additionally, as for the process performed under a vacuum, 

20 there is an etching process, a sputtering process or an 
ashing process . 

The present invention is not limited the 
specifically disclosed embodiments, and variations and 
modifications may be made without departing form the scope 

25 of the present invention. 
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